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ABSTRACT 
Herring schools were surveyed hydrouacoustically 
and sampled in San Francisco Bay from early 
November 1988 through mid-March 1989. Seven large 
schools (> 1000 tons) and three smaller ones were 
detected. The total acoustic biomass estimate, 
using a combination of echo integration and visual 
integration methods, was 65,080 tons. An 
independent spawn escapement-plus-catch estimate of 
66,380 was remarkably similar. 
Seventy-five samples, containing 12,784 herring, 
were collected with variable-mesh gill nets, a 
midwater trawl, or obtained from the roundhaul 
fishery. Mean body length decreased by almost 
14 mm from November to March. Sex ratios favored 
males in November and December, while females were 
dominant in February and March. 
The 1983 through 1987 year classes (6- through 
2-yr-old herring) contributed approximately 99% by 
weight and number to the total 1988-89 spawning 
biomass in San Francisco Bay. However, the 1987 
year class may be relatively weak, contributing the 
smallest percentage of 2-yr-olds since at least the 
1983-84 season. 
The 1988 year class appears to be somewhat stronger 
than the 1987 year class was as young-of-the-year 
herring. A final assessment of year class strength 
for both the 1987 and 1988 year classes cannot be 
made until they return as 3-yr-old herring and 
recruitment into the fishery is complete. 
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Marine Resources Division, 411 Burgess Drive, Menlo Park, 
California 94025 
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INTRODUCTION 
This was the eighth year in which the California Department of 
Fish and Game (CDFG) Pacific Herring Research Project conducted 
acoustic surveys and obtained herring samples during the November to 
March spawning season. Data have been presented for each season in 
administrative reports (Reilly and Moore 1982, 1983, 1984, 1985, 
1986, 1987, and 1988). Biomass estimates using hydroacoustics are 
comparable with those from spawn deposition surveys (Spratt 1989a). 
Samples obtained from the roundhaul net fishery and with our 
research nets complement those from the gill net fishery (Spratt 
1989b) and together provide an assessment of the age, length, and 
sex composition of San Francisco Bay's spawning population, both 
fished and unfished. 
The Pacific Herring Research Project has one major objective, to 
provide data necessary for long-term management of the herring roe 
and roe-on-kelp fisheries in California. Research, directed toward 
achieving this objective during the 1988-89 herring season, 
included: 1) conducting hydroacoustic surveys to estimate the 
spawning biomass of each school of adult herring in San Francisco 
Bay (Figure l), 2) determining length, sex, and age composition of 
each school, 3) determining webght/length/age relationships, 4) 
conducting one hydroacoustic survey in Bodega Bay (Figure 2), 5) 
sampling young-of-the-year (YOY) herring during the non-spawning 
season in San Francisco Bay, and 6) sampling the experimental roe- 
on-kelp fishery in San Francisco Bay. Results from the roe-on-kelp 
sampling are presented ba Oda (1989). 
FIGURE 1. Pacific herring acoustic survey and sampling areas in 
San Francisco Bay, 1988-89. 
FIGURE 2.  P a c i f i c  herring acous t i c  survey area i n  Bodega 
Bay, 1989. 
METHODS 
Spawning Season Field Work 
Research Vessels 
The 23-ft R/V PANDALUS was used on all field days in San 
Francisco Bay. For acoustic avoidance experiments, assistance was 
provided by F/V CHINOOK. The acoustic survey in Bodega Bay was 
conducted on board F/V RAE ANN. 
Samplinq Gear Types C 
Gill Nets. Two types of variable mesh multifilament nylon gill 
--
nets were used to sample herring in depths from 32 to 45 ft. The 
mesh array of one net consisted of five 10-ft long by 6-ft high 
panels with mesh sizes of 1.5, 1.75, 2.0, 2.25, and 2.5 in. measured 
in a manner consistent with the Fish and Game Code. The other net 
consisted of four 10-ft long by 6-ft high panels with mesh sizes of 
1.5, 1.75, 2.0, and 2.25 in.; adjacent panels were separated by a 
1-ft long by 6-ft high panel of 3.0-in. mesh, large enough for the 
largest herring to pass through. Nets were anchored and marked by 
floats. Soak times varied from 12 to 135 min. Herring were 
separated by mesh size before being measured. 
Midwater Trawl. A 12-ft square, 65-ft long, double warp 
midwater trawl with a 1.0-in. stretched mesh cod end was used 
throughout the spawning season. A similar net, with a 0.5-in. 
stretched mesh cod end, was used to sample YOY herring. Tow speed 
was approximately 3 to 4 kn and tow duration ranged from 2 to 20 
min . 
Roundhaul Nets. From January 3 to February 27, 1989 samples 
were obtained from purse seine and lampara boats. Purse sdne and 
lampara nets are collectively called roundhaul nets. Fish were 
either collected with a brail as the roundhaul net was brought to 
the side of the boat or obtained from a bin at an offloading dock. 
Non-spawning Season Field Work 
Samples of YOY herring were collected vith the midwater trawl 
in San Francisco Bay during April, May, June, and July 1988 in order 
to compare growth and relative abundance w i t h  previous year classes. 
Hydroacoustic Monitoring and Processing 
Standard Hvdroacoustic Survevs 
Hydroacoustic surveys, referred to as acoustic surveys, were 
conducted 3 or 4 days each week in San Francisco Bay. Areas 
surveyed were waters bounded by the Richmond-San Rafael Bridge, 
Oakland Bay Bridge, and Pt. Bonita (Figure l), hereafter referred to 
as north bay, and waters between the Oakland Bay Bridge and Oyster 
Point, hereafter referred to as south bay. Acoustic monitoring was 
done at a speed of approximately 8 kn. 
A Raytheon model DE-719B recording echo sounder was used to 
locate and delineate herring schools 2 to 4 days each week. The 
paper recordings from this unit allowed us to estimate biomass using 
a technique we call mvisual integrationw. 
A scientific-grade echo sounder, the Biosonics model 105, was 
used to conduct acoustic transects over herring schools once in 
November and March, and four to five times per month from December 
to February; this allows biomass estimation using the acoustic 
technique of echo integration. The data collection 8ystem consisted 
of the echo sounder, narrow beam (6O) 200 kHz transducer, 
oscilloscope, chart recorder, video cassette recorder, and 
digitizer. Reflected echoes from herring were converted to 
voltages, digitized after being attenuated by a factor of ten, and 
stored on tape. The echo sounder incorporated a time-varied gain 
which ensured that a particular fish would reflect the same amount 
of voltage regardless of its depth. 
Visual Integration 
Visual integration has been used to esti?ate biomass since 
1982. Herring schools were plotted on charts of San Francisco Bay 
using the horizontal extent of herring traces, measured from the 
Raytheon paper recordings, bottom depth (also from the echosounder), 
compass bearings, and landmarks. Schools were then divided into 
areas with approximately uniform density and height in the water 
column based on a visual examination of the paper recordings. A 
Housten Instrument HI-PAD digitizer was used to calculate the 
surface area for each part of the school. 
6 2 Density estimates (tons/lO ft ) were assigned to each part of a 
school based on calibration factors developed after a charter of a 
purse seine vessel in 1983 (Reilly and Moore, 1983) and modified 
using intercalibration factors obtained in 1985 from a Washington 
Department of Fisheries (WDF) Biosonics model 101 echo sounder and 
model 121 integrator (Reilly and Moore, 1985). Finally, school 
biomass was calculated by summing discrete parts. 
Echo Integration 
Tapes were processed in Seattle using WDF's echo integrator and 
interface (to increase attenuated voltages). The integrator 
calculated densities of herring per unit area for each depth stratum 
on a transect. Depth strata were arbitrarily chosen to be 5-10, 
10-15, 15-20, 20-25, 25-30, and 30-70 m. Th.e first 5 m were not 
integrated due to the low abundance of herring and the presence of 
air bubbles from vessel wakes. An average density per unit area was 
then calculated and multiplied by the surface area bisected by each 
transect to obtain a biomass estimate. 
Best Acoustic Biomass Estimate 
-
For each school a best acoustic biomass estimate was developed 
based on one or both of the above methods. The largest estimate of 
each school prior to a spawn was used; this generally occurred close 
to the onset of spawning. When more than one school was present in 
the bay, location and degree of ripeness of each component were key 
factors in interpreting the temporal changes in school biomass. If 
estimates from a particular school were fairly similar with each 
method of integration, the echo integration estimate was used. 
Calibration Parameters -- and Constant 
The integration estimate was scaled by a factor known as the 
constant. This constant incorporates system parameters of 
transmitter source level, receiver sensitivity, beam pattern factor 
of the transducer, and pulse width. Other factors including speed 
of sound in water, pi, and the average back-scattering cross section c 
of herring are a lso  incorporated into the constant. 
Last season, two independent sets of calibrations were 
completed to measure source level and receiver sensitivity. The 
correct beam pattern was obtained from the manufacturer. I n  
addition, a reasonable estimate was obtained of the average back- 
scattering cross section of San Francisco Bay herring. This season, 
a new and preferred method of calibration was conducted using a 
standard target. The target was a solid sphere of tungsten carbide 
which produced a constant echo from which all transducers can be 
referenced. It is preferred over tank calibrations using standard 
transducers because at best there is a 1.0 decibel variance in the 
latter; this equates to a 30% variation in biomass estimation. 
The voltage of the standard target was measured with our system 
and compared to the expected voltage based on tank calibrations. It 
was found that the @IAw constant should be incmased this season to 
0.1880. Last season, a value of 0.1384 was used. 
H 
Acoustic Avoidance Experiments 
Avoidance by herring of our research vessel was tested this 
season using two methods: 1) A biosonics dual beam echo sounder and 
transducer were used to determine if target strength (a measure of 
reflected voltage) of herring changed in response to our approaching 
vessel; 2) the same system was used to determine density (a measure 
of abundance directly under the boat) before, during, and after the 
passage of our research vessel. For these experiments, the acoustic 
equipment was placed on F/V CHINOOK, which sat in the water with the 
engine off. The first experiment would determine if herring respond 
to boat noise by changing their orientation, and thus their target 
strength, yet remain in the path of the acoustic beam (i.e. diving). 
The second test would determine if herring respond to boat noise 
with lateral movements, thus moving out of the path of the beam and 
reducing averaging density. 
Field Processing 
For all fish sampled, body length (BL) was determined to the 
nearest millimeter measuring from the tip of the snout to the end of the 
I 4 
pigment underneath the last column of scales on the caudal peduncle 
(Spratt 1981). All fish except Y O Y s  were oexed and recorded as 
either unripe, ripe, or spent; spent herring were excluded from 
age, veight, and length analyses and were simply tallied. 
Subsamples of approximately 17 fish per 10-m eize class were 
retained from each school for weighing and aging. Additional 
herring > 210 mm BL were selected to augment the age-length data 
base. 
Laboratory Processing 
All herring retained for weighing and aging were returned to 
the Xenlo Park laboratory, frozen, and thawed before processing. 
Thawed lengths were matched with fresh lengths from the field. 
Fresh lengths were used in all analyses. Weight was determined to 
the nearest 0.1 g; previously, we found no significant difference 
between fresh and thawed weight (Reilly and Moore 1985). Fish that 
were partially spent (determined subjectively by examination) were 
not weighed. 
Otoliths were removed from herring, bed clean on wet paper 
towels, placed in ethanol, and stored dry in gelatin capsules. 
Otoliths were read in ethanol under a dissecting microscope by two 
readers independently. When disagreement occurred in aging, the 
first reader would re-examine the otoliths. If agreement could not 
be reached they were also read by Paul Reilly (CDFG, Menlo Park). 
Bssianed Aues and Numbers 
Ages were assigned'to unaged fish based on the age composition 
of fish aged using otoliths. Ages were assigned according to the 
percentage of each age vithin 2-mm size intervals (age-length key). 
All fish aged or assigned an age were then combined by school number 
to determine total age composition. 
A school number was used to identify each herring school that 
spawned in San Francisco Bay. Each sample of herring was assigned 
to a school based on a combination of factors: 1) date of sample, 
2) percentage of unripe females in each sample, 3) school locations, 
4) date of spawning as determined by egg deposition surveys, 
5) examination of daily landings of the commercial fleet (highest 
landings coincide with spawning events), and 6) miscellaneous 
information from the commercial fleet. 
Total Ase Composition for S~awninq Season 
Total age composition, expressed in percentage, was calculated 
for the entire spawning season based on two separate biomass 
estimates for each school: 1) the sum of spawn escapement estimate 
(Spratt 1988a) plus commercial catch, 2) the best acoustic biomass 
estimate (Sprattts estimates were used for schools not detected 
hydroacoustically). To calculate total age composition as a percent 
by number of fish, mean BL for a school was converted to mean 
weight, using values from Appendix E. Each biomass estimate for a 
school was divided by the appropriate mean weight to produce an 
estimated total number of fish. The total was multiplied by the 
percentage age composition in samples to determine total number of 
fish by age for each school. Numbers for each age were then summed 
for all schools and divided by the total number of fish to produce a 
percentage for that age for the entire season. For schools not 
sampled, data from the nearest school, temporally, were used. To 
calculate total age composition as a percent by weight, 1988-89 mean 
weight at age values were used along with percentage age composition 
by school; 
Computer Processing 
Length, weight, sex, maturity stage, and age data from all 
herring samples were entered in a NEC PowerMate 1 microcomputer 
using dBase I11 programs. Mean BL by sex and maturity stage and 
length frequencies for each sample and school were generated. Other 
statistical analyses were performed using programs from ABSTAT. 
RESULTS 
Summary of School Activity and Acoustic Biomass Estimates 
The first sign of herring activity during the 1988-89 spawning 
season was detected acoustically on November 7 near Sausalito. This 
small school (number 1) was sampled with the midwater trawl on 
November 10 and contained only 6% unripe females. Three visual 
integration estimates yielded a maximum of 70 tons (Table 1). No 
spawn could be located. 
School 2 was first detected and sampled on November 14 near HR 
buoy. Subsequent samples yielded a higher percentage of unripe fish 
suggesting that new fish joined the school. A herring fisherman 
informed us of a small spawn in Sausalito November 15 but no eggs 
could be located. A visual integration estimate yielded 80 tons. 
Another small but widely scattered school (number 3) was 
monitored in the south bay on November 16 and a visual integration 
estimate produced 60 tons. Spawning occurred November 18 and 23 
along the San Francisco piers. 
TABLE 1. Summary of Herring Schools in San Francisco Bay and Biomass 
Estimates, November 1988 to March 1989. 
....................................................................... 
School Spawn Spawn Spawn escape- Commercial Acoustic biomass 
number dates area ment (tons) catch (tons) estimate (tons) 
,---------------------------------------------------------------------- 
3 Nov 18/23 SF 18 0 60 
4 Nov 30- SF,TI 2900 
Dec 3 
5 Dec 13-14 SF 1100 1401 11,480 
+ 6 Dec 28- OA,AL,SF, 18,800 
Jan 4 SA,TI,TB 
7 Jan 13-18 SF,SA . 13,100 2384 9450 
8 Jan 25-30 TB,BE, 9926 
A1 , SA 
9 Feb 17-22 AL 7200 976 6025 
10 Mar 10-12 SF 3600 0 4615 
Legend: AI-Angel Island; AL-Alameda; BE-Belvedere; OA-oakland; 
sA-Sausalito; SF-San Francisco; TB-Tiburon; TI-Treasure 
Island 
from Spratt 
no spawn located 
The first large (>lo00 tons) school (4) of the season moved 
into the bay around November 21. Herring, mixed with anchovies, 
were sampled by trawl in the south bay and contained 60% unripe 
females. An echo integration survey on November 27 yielded 1320 
tons, excluding anchovies. Spawning occurred from November 30 to 
December 3 along San Francisco and Treasure Island. The acoustic 
estimate is far below the spawn escapement plus catch estimate of 
3518 tons. School 4 was the first one fished by the gill net fleet 
(XH platoon). 
On December 5, a new school (5) was first located in the south 
bay. Small trawl sampled on Dece.mber 5 and 6 contained an average 
of 50% unripe females, while a larger sample on December 8 had 65% 
unripe females. Echo integration surveys on December 6 and 12 
showed a substantial increase in biomass, yielding 2385 and 11,480 
tons, respectively. On December 12, a trawl sample yielded only 30% 
unripe females, setting the stage for a spawn. Landings from 
December 5 to 12 were only I41 tons. On December 13, as spawning 
began along the San Francisco shoreline, 923 tons were landed. This 
was the only time this season in which the spawn escapement plus 
catch estimate was significantly lower than the acoustic estimate; 
the largely subtidal spawn was difficult to sample. The XH gill net 
fleet completed their quota by taking 3.401 tons from school 5. 
The concept of a single school/single spawn dissolved during 
the next few weeks. However, all herring which elpawned from 
December 28 to January 4 were considered to be school 6. As school 
5 completed its spawning on December 14, school 6 was first detected 
acoustically in the Alcatraz-HR buoy area. A visual integration 
estimate yielded 1895 tons. A deep, near bottom distribution of the 
school prevented sampling. On December 16, two separate components 
of the school were evident from the south bay to the Golden Gate 
Bridge ( G G B ) .  The southern component, estimated at 2120 tons using 
visual integration, contained 34% unripe females, while those 
farther seaward had 64% unripe females. 
On December 23, an echo integration survey of fish in the south 
bay yielded 5205 tons, and a trawl sample contained only 29% unripe 
females. On December 27 four distinct schools were present in the 
bay. Small, separate concentrations of herrifig occurred near 
Sausalito and Pier 1. A large school, presumed to be the ripest 
fish, was south of the Oakland Bay Bridge. A large component 
between Alcatraz and the GGB yielded a visual integration estimate 
of 2590 tons and contained 78% unripe females. Apparently, more 
unripe fish were joining those first located on December 16. 
A fishermen told us of a spawn in Oakland which began on the 
morning of December 28. We assume the ripe south bay component was 
responsible for that and thus the best acoustic estimate was 5205 
tons. By December 29, the time of our next echo integration survey, 
tremendous quantities of herring had entered the bay and were 
distributed from the south bay to the GGB and north to Angel Island. 
The total biomass estimate on this day was 18,955 tons, the largest 
single concentration of the season. Together with the December 23 
estimate, the total acoustic biomass for school 6 was 24,160 tons. 
The even gill net platoon exceeded their quota and caught 2793 tons 
from this school, while the roundhaul fleet landed 233 tons. The 
combined spawn escapement plus catch estimate was 21,826 tons. 
School 7 was first monitored on January 6 during high tide in 
the south bay. A trawl sample yielded 25% spent fish, unusually 
high for San Francisco Bay (spent fish generally leave the bay the 
came day they spawn and do not mix with pre-spawners). Among the 
pre-spawning fish, 359 of the females vere unripe. In addition, 
mean BL averaged 7 mm smaller than the previous samples, a good 
indication of a new school. A visual integration estimate yielded 
2920 tons. During an attempted echo integration survey January 8, 
the school could not be located in the south bay. On January 9, 
herring were found from Pt. Cavallo through Raccoon Strait to east 
of Angel Island. A trawl sample contained only 129 unripe females. 
However, a roundhaul sample one mile away contained 322 unripe 
females. We assumed that this was the displaced south bay school. 
On January 12 another part of school 7 was detected at low tide 
between the Oakland Bay Bridge and the GGB; a trawl sample contained 
572 unripe females. A January 13 echo integration survey of this 
component yielded 6530 tons. Spawning began in San Francisco 
January 13 and additional spawning occurred in Sausalito January 16- 
18. The commercial catch from this school was 2384  Sons. Our best 
acoustic estimate of 9450 tons was much lower than the spawn 
escapement plus catch total of 15,484 tons. . 
While roundhaul boats were landing ripe fish from school 7 in 
central south bay waters on January 16, we obtained a trawl sample 
off Hunters Point containing 56a unripe females. On January 18, a 
trawl sample in the central south bay contained 359 spent fish; of 
the pre-spawners, 73% of the females vere unripe. These two trawl 
samples were considered to represent the first signs of school 8. 
Reduced landings occurred from January 18 to 25 as this new school 
ripened. A January 18 echo integration survey of the south bay 
I 
produced 3090 tons. The next day, another smaller school was found 
east of Angel Island and west of Treasure Island; echo integration 
yielded 310 tons. By January 23, school 8 had increased 
considerably in biomass; a visual integration estimate produced 
7995 tons. Herring did not have a uniform degree of ripeness. A 
mid-south bay trawl sample contained 35% unripe females, while two 
samples closer to shore averaged 7% unripe. An echo integration 
survey of all south bay fish on January 24 yielded 7070 tons. 
Evidently the south bay school moved to fhe north bay because 
spawning began on January 25 in Sausalito and Raccoon Strait. On 
January 27, good concentrations of ripe herring still occurred near 
the Oakland Bay Bridge, but these eventually moved north. On the 
same day, a small school was found near Sausalito 60-80 ft deep 
which added to the north bay spawning activity. A visual 
integration estimate yielded 440 tons. The spawn escapement plus 
catch estimate for school 8 was 11,257 tons, including 1331 tons of 
landings (the odd gill net platoon reached their quota with this 
school). The best acoustic estimate was 7820 tons. 
After several days of minimal activity, school 9 was first 
monitored in the south bay on February 2. Visual integration 
produced a biomass estimate of 2240 tons, and a trawl sample 
contained a high proportion (44%) of spent fish from the previous 
school as well as 37% unripe females among the pre-spawners. During 
the next two weeks, biomass gradually increased as herring ripened. 
Maximum visual and echo integration estimates were 4675 and 6025 
tons, respectively. Although all trawl and roundhaul samples from 
February 9 to 17 contained no more than 14% unripe females, no 
spawning occurred until February 17 in Alameda. Roundhaul boats 
landed 976 tons from this school, and the catch plus escapement 
estimate was 8176 tons. 
The first sign of the last major school of the season occurred 
February 27 near Alcatraz. A roundhaul sample contained 14% spent 
fish and only 53 of the pre-spawning females were unripe. A visual 
integration survey in the south bay yielded 4615 tons, vhile an echo 
integration survey the next day could only find 2845 tons. Spawning 
occurred March 10-12 along the San Francisco shoreline and 
escapement was estimated to be 3600 tons. 
Total Acoustic Biomass Estimate 
The total acoustic biomass estimate, based on our best estimate 
for each school, was 65,080 tons. In addition, it was determined 
from landings that 1340 tons vere taken prior to those acoustic 
surveys which produced the best estimate. Thus, our adjusted 
acoustic estimate is 66,420 tons, a decrease of 73 from last season. 
This total compares closely with the total spawn escapement plus 
catch estimate of 66,000 tons. 
Bodega Bay Acoustic Survey 
For the second time in two seasons, an acoustic survey of the 
Bodega Bay-Tomales Bay herring stock was unproductive. Five 
transects yielded a total of only 125 tons in all of Bodega Bay, and 
it is likely that this total includes non-herring targets (no 
verification by sampling was possible). Timing is particularly 
important in obtaining an adequate survey of a omall otock-in a 
relatively remote area. 
Acoustic Avoidance Experiments 
The boat avoidance experiments showed no significant change in 
mean target strength as a result of our transecting vessel 
approaching and moving over herring. Twelve trial runs were 
conducted to compare relative abundance before, during, and after 
the vessel passage. During six trials, no change was apparent. In 
only two trials was relative abundance lower during passage, and in 
those cases it averaged only 4% lower than bezore passage and 5% 
lower than after passage. In the other four cases, relative 
abundance was 1 to 17% higher during passage than either before or 
after. These results indicate that boat avoidance is not a factor 
in acoustic abundance estimates of herring in San Francisco Bay. 
Herring Samples from San Francisco Bay 
Seventy-five samples of Pacific herring were collected in San 
Francisco Bay from November 10, 1988 to March 7, 1989 (Appendix A ) .  
These samples contained 12,784 fish from nine schools, 12,725 of 
which were greater than 130 mm. The third of 10 schools identified 
in the Bay was only sampled acoustically. 
Length Composition 
Variable-mesh -- Gill Net Samples. A total of 1,164 herring from 
five schools was sampled using the variable-mesh gill nets 
(Appendix B). Both mean BL (Table 2) and length frequency 
histograms (Figure 3) from these samples indicated a decrease in 
size composition of schools in the Bay after mid-January. 
The size selectivity of each mesh size appeared comparable to 
that obtained in prior years (Table 3). However, the four-panel 
net with large mesh spacers consistently caught slightly larger fish 
on the average for comparable mesh sizes (2-way ANOVA Pr > F 0.001) 
when fished in close temporal proximity to the five-panel net. 
Table 2. Number of Pacific Herring by Body Length (2 mm Interval) 
Combined by School from Variable-Mesh Gill Net Samples 
Collected in San Francisco Bay, December 1988 to March 1989. 
--..-.------..----------------------------------.-.-.-..-.....--.-----. 
Size School # 
interval 4 5 6 8 9 
----.---------------------.-- -- -. . --- .-.-.-..-----..-.------ 
130-139 1 
140-141 
142 1 
144 1 1 
146 1 2 
148 2 4 
150 2 8 
152 1 8 
154 1 17 
156 9 14 
158 7 12 
160 21 10 
162 15 21 
164 17 20 
166 13 19 
168 16 19 
170 16 19 
172 9 18 
174 10 12 
176 15 28 
178 13 24 
180 14 20 
182 7 16 
184 8 22 
186 9 11 
188 4 15 
190 6 13 
192 7 13 
194 4 7 
196 4 9 
198 4 2 
200 1 
202 5 4 
204 4 3 
206 2 1 
208 2 6 
210 2 1 
212 6 3 
2 14 2 
216 2 2 
218 1 
220 
222 
224 1 
226 
228 
230 
n 
Mean 
School 
Body Length (mm) 
FIGURE 3. Size composition of Pacific herring schools sampled 
using variable-mesh gill nets during the 1988-89 
season in San Francisco Bay. 
TABLE 3. Summary of Mean BL (mm) by Mesh Size from Variable-mesh Gill 
Net Samples from San Francisco Bay, 1981-82 to 1987-88. 
.......................................................................... 
Mesh Size (in.) 
1.5 1.75 2 • 0 2.25 2.5 
Season n Mean BL n Mean BL n Mean BL n Mean BL n Mean BL 
.......................................................................... 
1981-82 198 165.1 455 175.1 697 191.4 117 205.1 5 206.6 
1982-83 
1983-84 
1984-85 
1985-86 
1986-87 
1987-88 
1988-89 
Avg. of 
Means 
Midwater Trawl Samples. A total of 7,974 herring from nine 
schools was sampled using the midwater trawl (Appendix C). Mean BL 
(Table 4 )  and length frequency histograms (Figure 4 )  from these 
samples suggest a gradual decrease in the size composition of 
schools through late January (school 8). Mean BL decreased from 185 
mm to 171 mm during this period. Last seasonls mean BL for schools 
sampled with the midwater trawl ranged f rom 
Roundhaul Samples. A total of 3,587 herring from five schools 
was sampled from the roundhaul fleet (Appendix D). Mean BL (Table 
5) and length frequency histograms (Figure 5 )  from these samples 
showed little change in the size composition of schools through 
time. Mean BL from these samples ranged from 170 nun to 173 mm. The 
mean BL for all roundhaul samples was 170.5 mm, well within the 
historic range (Table 6). 
Comparison - of Length Composition Ily Gear Type. In previous 
years sampling biases were apparent in both variable-mesh gill net 
and midwater trawl samples (Reilly and Moore, 1988) when compared 
with those collected by roundhaul nets. Gill nets tended to select 
larger fish and midwater trawls tended to select smaller fish, on 
the average, than roundhaul nets. However, this year midwater trawl 
samples were similar to the roundhaul. In fact, the mean BL for 
midwater trawl samples was slightly larger than the roundhaul 
samples, for comparable schools, in four out of five cases (Table 
7). As a result, midwater trawl samples alone were used this season 
to represent the size composition of schools where roundhaul samples 
were not available. 
Table 4. Number of Pacific Herring by Body Length (2 mm Interval) 
Combined by School from Hidwater Trawl Samples Collected 
in San Francisco Bay, November 1988 to )larch 1989. 
~~~.~~..-..p,--..------.-------.--~...--.- . . - .-- . .--.---.---- 
Size School # 
interval 1 2 4 5 6 7 8 9 10 
...................................................................... 
130-139 5 5 5 21 11 
140-141 1 2 6 6 1 
142 1 4 4 6 4 
14 4 4 3 1 16 6 3 
146 1 15 10 15 16 4 
148 1 14 12 18 12 2 
150 5 19 20 35 18 7 
152 13 52 21 57 35 7 
154 15 60 32 70 37 16 
156 19 63 41 67 35 8 
158 33 81 35 72 44 12 
160 43 95 42 106 49 14 
162 40 106 61 85 66 20 
164 45 117 60 84 71 25 
166 49 85 46 82 63 21 
168 30 81 37 54 50 13 
170 40 92 33 68 78 27 
172 40 71 31 72 68 39 
174 38 90 21 62 58 39 
176 32 61 29 54 47 37 
178 49 61 30 44 53 20 
180 41 71 22 62 46 27 
182 51 7 3  15 45 50 30 
184 50 88 11 38 38 35 
186 41 61 21 28 31 32 
188 32 58 23 26 27 30 
190 38 78 16 37 20 23 
192 32 '76 15 27 12 15 
194 24 62 20 26 22 12 
196 28  70 15 16 11 8 
198 35 70 13 13 9 6 
200 23 64 12 22 9 4 
202 20 53 17 18 5 3 
204 23 66 11 13 6 5 
206 13 44 10 10 4 6 
208 14 44 5 13 1 2 
210 8 29 6 9 6 1 
212 12 31 3 5 2 
214 6 15 1 4 5 
216 3 14 2 1 
218 9 1 3 1 1 
220 3 8 1 1 1 1 
222 1 5 4 1 
224 4 1 
226 2 1 
228 3 1 1 
230 
232 1 
234 1 
n 105 87 424 998 2274 812 1502 1145 560 
Wean 185.3 183.1 180.3 179.9 179.7 172.4 171.3 ,171.1 175.9 
-23- 
School 
1 
Body Lcnglh ( n ~ n ~ )  
FIGURE 4. Size composition of Pacific herring schools sampled using a 
midwater trawl during the 1988-89 season in San Francisco Bay. 
Table 5. Number of Pacific Herring by Body Length (2 mm Interval) 
Combined by School from Roundhaul Net Samples Collected 
in San Francisco Bay, January to March 1989. 
--------------------.---------.--------------------------------------- 
size ~Chool # 
interval 6 7 8 9 10 
------------------.---------------------------------.----..----------- 
130-139 2 1 15 3 
140-141 1 1 8 2 
142 3 3 2 5 
144 4 5 2 16 2 
146 6 2 3 17 
148 8 5 4 35 1 
150 12 10 13 44 2 
152 11 16 15 48 1 
154 13 21 20 77 1 
156 24 26 25 103 5 
158 21 35 35 70 1 
160 24 39 45 112 5 
162 22 38 46 111 10 
164 24 42 48 106 11 
166 14 36 30 119 12 
168 18 22 30 68 6 
170 14 30 46 109 7 
172 11 31 36 104 10 
174 8 9 47 97 5 
176 4 15 30 87 11 
178 3 11 29 66 4 
180 10 11 23 66 4 
182 8 10 35 82 1 
184 4 12 33 61 6 
186 8 9 19 50 4 
188 8 10 19 39 1 
190 11 13 20 30 3 
192 12 10 9 20 3 
194 6 11 16 22 1 
196 8 5 11 19 1 
198 6 5 6 9 1 
200 6 10 9 8 1 
202 2 5 8 6 1 
204 6 7 1 3 
206 4 4 2 3 
208 5 3 P 2 
210 1 1 3 
2 12 1 2 Z 
214 3 2 2 
216 1 4 3 
218 1 1 
220 1 
222 1 1 
224 
226 
228 
230 
n 
Mean 
School 
n = 358 
Body Length (rnm) 
FIGURE 5. Size composition of Pacific herring schools 
sampled from the commercial roundhaul fleet 
during the 1988-89 season in San Francisco Bay. 
TABLE 6. Number of Pacific Herring by Body Length (2-mm Intervals) from 
Roundhaul Samples, 1981-82 to 1988-89. 
-----------------------------------..-------------------------------------- 
Body Season 
length 1981-82 1982-83 1983-84 1984-85 1985-86 1986-87 1987-88 1988-89 
------------------------------------------------.------.------------------- 
130-139 2 9 247 27 16 24 31 21 
140-141 4 4 84 6 3 8 23 12 
142 6 6 130 10 2 23 25 13 
144 7 3 14 6 8 6 16 39 29 
146 12 6 223 20 8 26 90 28 
14 8 3 9 187 26 7 33 83 53 
150 6 7 274 38 15 31 104 81 
152 21 17 399 82 40 67 201 91 
154 27 29 334 103 28 72 171 132 
156 26 55 522 154 57 147 320 183 
158 33 42 428 178 88 135 243 162 
160 27 76 441* 180 113 152 214 225 
162 56 136 498 344 218 265 368 227 
164 56 120 345 312 213 231 201* 231 
166 68 178 302 309* 276 359 274 211 
168 79 157 235 238 256 255 202 144* 
170 89 196 121 210 260 263* 154 206 
172 115 267 145 234 353 386 205 192 
174 103* 173 82 159 281 207 111 166 
176 105 261 94 139 309 253 134 147 
178 88 252 92 109 268* 145 75 113 
180 74 241* 79 78 228 111 84 114 
182 91 340 147 107 313 140 116 136 
184 51 238 128 83 243 96 73 116 
186 53 310 129 83 253 89 106 90 
188 60 186 81 64 181 72 75 77 
190 50 205 93 47 166 57 75 77 
192 41 236 90 54 207 92 90 54 
194 22 124 68 28 120 57 52 56 
196 22 166 51 34 136 69 53 44 
198 20 106 34 24 100 54 43 27 
200 12 64 20 16 84 48 25 34 
202 9 77 14 19 70 50 25 22 
204 5 52 7 15 57 27 21 17 
206 3 42 5 8 43 24 16 13 
208 4 13 2 7 26 14 15 11 
210 2 17 3 3 16 18 6 5 
212 3 11 3 5 18 7 12 5 
214 7 3 7 5 10 7 
216 1 4 2 6 4 3 8 
218 1 3 3 1 5 2 
220 3 2 3 2 1 
222 1 1 1 2 3' 2 
224 1 2 1 1 
226 1 1 
230 1 
n 1459 4452 6294 3566 5099 4137 4179 3587 
Mean 175.2 180.8 162.4 169.3 178.5 172.6 168.2 170.5 
0 < 150mm 2.3 0.8 16.2 2.7 0.8 3.1 7.0 4.3 
* Median Body mngth 
Table 7. Mean Size (in Body Length) of Pacific Herring by School and 
Gear Type in San Francisco Bay, November 1988 to March 1989. 
....................................................................... 
MT* GN RH 
School # mean BL n mean BL n mean BL n 
....................................................................... 
1 185.3 105 
* MT = midwater trawl; GN = variable-mesh gill net; RH = roundhaul net 
mRatios 
The percentage of females in each mchool changed through the 
spawning season (Table 8) in a manner consistent with previous 
opavning seasons. In general, the percentage of females was higher 
later in the season. Herring schools from the start of the season 
through mid-December were composed of more males than females. 
Schools through mid-January had sex ratios of approximately 1, while 
those after mid-January were dominated by females. 
WeishtgllPLensth 
Weights and lengths for 1,409 herring collected from November 
1988 to March 1989 were used to generate length-weight 
relationships. Using natural logarithms the relationships by sex 
and ripeness were: 
unripe females In W = -12a13 + 3.20 In L r = -98, n = 275 
ripe females In W = -13.64 + 3.50 In L r - .99, n = 575 
unripe males In W = -13.58 + 3.48 In L r - -99, n = 51 
ripe males In W = -13.63 + 3.49 In L r = -99, n = 488 
all ripe herring In W = -13.79 + 3.53 In L r = .99, n = 1063 
Estimated weights for ripe male herring from 130 to 230 mm BL 
(Appendix E) ranged from 28.7 g to 210.0 g. The estimated weights 
for 130 and 230 mm female herring were 29.9 g and 219.9 g, 
respectively. 
Lenathgf;m 
The 1987 year class, entering the bay this reason as 2-yr-old 
herring, had the smallest mean BL since the 1982 year class. The 
1986 year class showed the slowest annual growth increment-for fish 
Table 8. Composition o f  P a c i f i c  Herring Samples by School and Sex 
f o r  Gears Combined from San Francisco Bay, November 1988 
t o  March 1989. 
....................................................................... 
Percent by number 
School # Month n Male Female 
1 November 105 
2 November 87 
4 Nov-Dec 603 65 35 
5 December 1142 58 42 
C 
6 Dec-Jan 2869 50 50 
7 January 1338 49 51 
8 January 2492 42 58 
9 February 3403 41 59 
10 Feb-Mar 686 47 53 
" 6 
returning as 3-yr-olds. They also had the smallest mean BL for 3- 
yrolds. Annual growth increments for all older year classes vere 
within the observed range for their respective ages. However, the 
mean BL at age was the highest recorded for all ages older than 4 
(Table 9). 
S&ism&rn 
Wean weight at age reflected the same growth patterns as mean 
length at age. The 1986 and 1987 year classes, entering the Bay as 
2- and 3-yr-old herring, respectively, had the smallest corresponding 
mean weights since the 1982 year class. Annual growth increments 
for all older year classes were within the observed range for their 
respective ages. As with length, the mean weight at age was the 
highest recorded for all ages older than 4 (Table 9), reflecting 
excellent growing conditions following the 1983-84 season. 
gom~osition 
Otoliths were aged from 1,684 herring (> 129 nun) collected in 
stratified random samples from variable-mesh gill nets, midwater 
trawls, and roundhaul nets. An additional 159 herring were selected 
and aged and all fish were used in an age-length key (Table 10). 
Thirty of the selected fish were either spent or collected from 
commercial gill nets and excluded from most analysis. 
Variable-mesh GilL Sam~les. Schools 4, 5, 6, 8, and 9 were 
sampled using variable-mesh gill nets. The age composition shifted 
toward a higher percentage of young fish (2- and 3-yr-olds) with 
school 8 (mid-January)(Table 11). The bias of gill nets toward 
larger, older fish when compared with other gear types was apparent 
again this year. Fish aged 7 or older were poorly represented in 
samples from all gear types. 
TABLE 9. Mean Body Length (mm) and Weight (g) of Pacific Herring in 
San Francisco Bay by Age and Season, 1983-84 to 1988-89. 
Season 
Age 1983-84 1984-85 1985-86 1986-87 1987-88 1988-89 
BL Wt. BL Wt. BL Wt. BL Wt. BL Wt. BL Wt. 
........................................................................ 
2 153 47.3 161 64.1 162 63.5 160 61.5 159 58.0 156 56.7 
Table 10. 1988-1989 Season Age-Length Key Comprised of Ages 
from Both Random and Select Fish by Body Length (2 mm 
Interval) Collected in San Francisco Bay. 
-----I-..---.----.-------.--.--..-.-----..--.---.-----.-.---------- 
Size Age 
interval 2 3 4 5 6 7 8 
------- ------------------------.---..---..-....-.--.------.---.--. 
130-139 15 
140-149 21 
150-151 17 
152 27 
154 32 
156 44 
158 33 
160 23 
162 27 
164 13 
166 11 
168 4 
170 2 
172 2 
174 
176 
178 
180 
182 
184 
186 
188 
190 
192 2 
194 1 
196 1 
198 1 
200 3 
202 9 
204 12 3 
206 5 1 
208 6 
210 39 7 
212 36 8 
214 33 3 2 
216 22 4 1 
218 17 7 
220 14 10 2 
222 11 10 3 
224 13 4 1 
226 6 1 1 
228 3 5 1 
230 1 3 
232 1 1 
234 1 
236 1 
n 271 423 491 338 236 72 12 
Mean 155.8 171.4 189.9 204.6 214.0 218.7 222.3, 
Std. dev. 7.8 7.4 8.8 8.4 6.9 6.9 5.5 
Table 11. Percent Composition of Pacific Herring Schools in San 
Francisco Bay During the 1988-89 Spawning Season by Age and 
Sampling Gear. 
- - - - - - - - - - - - - - - - - - - - - - - -  - - - 
Age Otolith Length 
Gear type School # 2 3 4 5 6 7 8 aged (n) aged (n) 
----- 
GN* 
* GN = variable-mesh gill net; 
** T = < 0.5% 
MT = midwater trawl; RH = roundhaul net 
tey Trawl S m ,  All schools, with the exception of 
school 3, were adequately sampled using the midwater trawl. The 
shift toward a higher percentage of young fish, particularly 3-yr- 
olds, through the season was also apparent with this sampling gear. 
However, the last school (10) shifted back to an age distribution 
comparable to schools entering the bay during the middle of the 
season. Two-yr-old fish, in contrast to late season schools last 
year, were never the most abundant age, Three-yr-old fish were 
numerically dominant from mid-season (school 6). Both ages combined 
comprised from 31% (school 1) to 71% (school 8) of a school. 
Poundhaul Sam~les. Roundhaul samples were obtained from 
schools 6 through 10 from early January to early March. A similar 
pattern, toward a higher percentage of young fish, particularly 3- 
yr-old fish, was apparent. 
Total &g gomwositioq fPT Spawning Season 
The age composition for the entire spawning season was similar 
to those observed during prior years, both in percent by number and 
weight, Two- to 5-yr-old fish comprised approximately 909 of the 
biomass by weight. However, the 2-yr-old fish were an exception. 
The percentage of 2-yr-old fish was the lovest estimated in six 
years (Table 12). The abundance of 2-yrolds was also among the 
lowest estimated (Table 13). 
Young-of-the-Year Surveys 
Twenty-five midwater trawl tows were made from April to July 
1988 to monitor growth of the 1988 year class as young of the year 
(YOY). Wean BL increased from 32 mm in April to 53 mm in July 
(Table 14). Mean BL of YOY's in Hay 1988, when compared to Way mean 
TABLE 12. Age Composition (percent by # and Wt.) of Pacific 
Herring in San Francisco Bay for 1983-84 through 1988-89 
Spawning Seasons Using Spawn Escapement (A) and Hydro- 
acoustic (B) Biomass Estimates. 
-------------------------------------.-.-.-------------------------- 
Age (yr) 
Method Season 2 3 4 5 6 7 8&9 
.................................................................... 
% b y # - A  1983-84 56.6 11.9 15.8 12.6 2.9 0.2 0.0 
1984-85 38.7 40.0 9.8 4.6 5.4 1.4 0.1 
1985-86 32.5 32.1 25.3 5.3 3.2 1.5 0.1 
*1986-87 29.2 33.6 23.1 11.2 1.6 1.1 0.2 
1987-88 30.6 38.3 17.9 8.7 3.3 0.7 0.5 
1988-89 25.8 39.0 24.6 7.8 2.2 0.5 0.1 
% by Wt. - A 1983-84 42.1 12.7 20.1 19.6 5.1 0.4 0.0 
1984-85 27.6 42.9 12.1 6.5 8.3 2.3 0.3 
1985-86 22.1 30.6 32.2 7.3 4.9 2.6 0.3 
1986-87 19.0 31.9 27.8 16.6 2.6 1.8 0.3 
1987-88 20.6 36.0 22.2 13.2 5.8 1.2 1.0 
1988-89 16.8 35.0 30.6 12.3 4.1 1.1 0.2 
* Data from 1986-87 have been revised subsequent to publication 
of previous administrative report (Reilly and Moore 1987). 
mle U. -ted Nmbr of 29, 39, and 4yrcold Herring (x 1000) by 
Year Class in the San Francisco Bay Spawning m t i m .  
Estimatian Year 
method Class 2 
Age 
3 
Table 14. Number of Young-of-the-Year Pacific Herring by Body 
Length (2 mm Interval) from Midwater Trawl Samples, 
San Francisco Bay, April to July 1988. 
............................................................... 
Size Month 
interval APr May Jun Jul 
............................................................... 
28-29 13 
30 30 5 
32 31 10 
34 18 21 1 1 
36 6 63 10 1 
38 0 71 11 11 
40 1 93 43 11 . 
42 125 67 ' 31 
44 86 84 56 
46 75 93 74 
48 65 70 71 
50 67 65 81 
52 60 62 76 
54 37 35 41 
56 22 43 46 
58 27 24 30 
60 15 21 22 
62 16 32 15 
64 6 18 13 
66 6 15 13 
68 2 7 9 
70 2 6 3 
72 2 8 
74 1 4 
76 5 
78 1 
80 
82 2 
84 2 
86 1 
n 
Mean 
BL in prior years (Table 15), suggested the 1988 year class may have 
grown more slowly than normal. However, the largest spavn of the 
season occurred somewhat later than normal which would lead to a 
smaller mean BL at any subsequent point in time given comparable 
growth rates. 
Reilly and Moore (1988) reported similar trends for spawning 
success and recruitment strength for the 1983 through 1986 year 
classes in San Francisco Bay. They compared average catch-per-tow 
of YOY8s and their respective abundance as 2-yr-olds in the 
spawning population. The same trend was also apparent for the 1983 
through 1985 year classes returning as 3-yr-olds. However, the 
1986 year class did not follow the pattern, returning in relatively 
lower numbers as 3-yr-olds than the  trend would suggest (Table 16). 
Relationship Between Ripeness and Spawning 
A linear relationship was established between the percentage of 
unripe females and the timing of spawning events during the 1987-88 
season (Reilly and Moore 1988). The relationship suggested that 
spawning was likely within 7 days when 509 of-the female herring in 
a school were ripe. When 75 to 80% were ripe a spawn was likely 
within 3 days. 
A comparable assessment this spawning season yielded the 
following relationship: 
Days to spawning = 3.25 9 0.055 (Percent unripe females) 
This relationship is similar to -at generated Pieast season; 
suggesting that spawning was likely within 6 days vhen 508 of the 
female herring in a school were ripe. However, individual data 
Table 15. Comparison of Growth of Young-of-the-Year, Measured by 
May Mean Body Length, for the 1983 through 1988 Year 
Classes. 
................................................................. 
Year Dates of 
class n Mean BL peak spawn 
................................................................. 
1983 2327 52.4 Jan 5 - 12 
1984 1818 54.0 Jan 25 - Feb 2 
1985 4452 44.7 Jan 6 - 9 
1986 1813 54.2 Jan 5 - 8 
1987 205 53.5 Jan 18 - 23 
1988 874 45.9 Jan 25 - 28 
Table 16. Measures of Spawning Success (Catch-per-Tow of YOY) and 
Recruitment (Abundance as Z and 3-Year-Old Fish) for 
the 1983 through 1986 Year Classes. 
Year 4 Wean Estimated abundance as 
class tows catch/tow 2-yr-old6 3-yr-olds 
--.-----------...------.-..-----I..-.I...I..------I..--.------.------.---- 
1983 Apr 70 206 
Hay 181 359 
Jun 141 120 
Wean 246 113,543 135,796 
1984 Apr 50 314 
Hay 108 677 
Jun 113 1164 
Wean 813 
1985 Apr 90 1363 
May 229 1112 
Jun 74 2229 
Mean 1380 
1986 Apr 89 570 
May 88 914 
Jun 154 2202 
Mean 1421 
* Abundance based on hydroacoustic biomass estimates 
points varied widely from the regression line (r = .30). Schools 
with more than 70% ripe females in midwater trawl samples apparently 
did not spawn for 17 days; others, with only 20% ripe fehales 
spawned the next day (Figure 6). 
Tides and Spawning 
There were seven periods during the spawning season (November 
to mid-March) where the highest high tides occurred at night 
(sunset to sunrise) and were greater than 5.4'ft in height. There 
were eight spawns documented during this period; four occurred 
during the periods mentioned above. Seven of the eight spawns 
occurred during days when the highest high tides were above 5.4 ft. 
Five of the eight spawns occurred during days when the highest high 
tides occurred at night; two more occurred during days when the 
highest high tides were just after sunrise. 
Average highest high tide height associated with the eight 
spawns was 5.8 ft, with a range of 4.9 to 6.9 ft. Last season's 
(1987-88) average highest high tide associated with a spawn was 6.0 
ft (5.3 to 6.7 ft) (Reilly and Moore, 1988). High tides continue 
to be a major influence on the timing of spawns in San Francisco 
Bay. 
DISCUSSION 
Although the total biomass estimate for the spawning season, 
using a combination of echo and wvisualw integration techniques, has 
been within 5% of the escapement-plus-catch estimate for the last 
three seasons, biomass estimates for a particular school often have 
differed by a considerable amount. Inherent variation in the 
sampling methods may account for much of the discrepancies. Spawn 
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FIGURE 6. Relationship between the percentage unripe female 
herring in midwater trawl samples and days before 
nearest spawn during the 1988-89 Beason i n  San 
Francisco Bay. 
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escapement estimates of large schools generally have a variance of 
25-309 (Jerome Spratt, Dept. Fish and Game, Honterey, pers. comm.); 
the accuracy of our acoustic system, without reference to a standard 
target, is considered to be ; 30%. F'uture use of a mtandax-d target 
on each echo integration survey should improve the accuracy of 
acoustic estimates. 
A critical factor in the difference between acoustic and 
escapement estimates is the timing of the acoustic sunrey. It 
appears that after a school enters the bay itaoften increases in 
biomass as spawning time approaches. Aggregations of herring may 
enter the bay periodically and add to the existing biomass before a 
spawn. It is important to conduct acoustic surveys as closely as 
possible to the time of spawning to avoid underestimating biomass. 
Since spawns cannot be predicted, frequent acoustic surveys are 
necessary. 
Biological and behavioral factors are, no doubt, responsible 
for some of the discrepancies in biomass estimates. Every season, 
parts of some large schools escape acoustic detection, spawn within 
a short time, and leave the bay. Also, every season some spawns are 
underestimated or not located. The continued use of both methods of 
biomass estimation should compensate for potentially major 
deficiencies in either method for a particular echool. 
Acoustic experiments this season has shown that avoidance of 
our research vessel is not a significant factor in acoustic 
abundance estimates. Estimates of target strength and density 
within the acoustic beam were similar before, during, and after 
passage of our research vessel in close proximity to the transducer. 
Herring may be habituated to boat noise from repeated exposure to 
numerous passing vessels in the urban environment of San Francisco 
Bay. However, during an earlier charter cruise on a purse seine 
vessel in the Bay, it was apparent that herring were responding to 
boat noise associated with a net being deployed (occasionally the 
net missed the fish, indicating they had departed rapidly from the 
area). It is possible that San Francisco Bay herring have learned 
to discriminate the constant sound of a passing vessel from one 
deploying a net. 
The average size, sex ratio, and age composition of herring 
within a school changed through the spawning season. In general, 
these changes followed a pattern observed during prior spawning 
seasons. The mean BL for a school gradually decreased through the 
season; the last school (10) was an exception, showing a slight 
increase in mean BL. Early season schools were dominated by males; 
schools toward the end of the spawning season were dominated by 
females. Age composition of schools also changed through the season 
in a predictable manner. Two-yr-old herring did not become a 
significant part of the spawning biomass until late December. Two-, 
3-, and 4-yr-old herring comprised the large majarity of herring (>  
89%) by number for all schools in the Bay after mid-January. 
The age composition for the entire spawning season is strongly 
influenced by the relative abundance of year classes as they first 
enter the spawning population (2- and 3-yr-olds). The relative 
abundance of year classes, particularly for a pelagic shoaling 
species like the herring, can vary widely. The fishery is often 
supported by a few strong year classes. 
The 1987 year class, entering the Bay this season as 2-yr-olds, 
may be relatively weak. They comprised the smallest percentage of 
2-yr-olds since at least the 1983-84 season. The slight'increase in 
mean BL of the last school (lo), with appreciably fewer 2-yr-olds, 
supports this view. However, several other factors should also be 
considered in this evaluation. 
First, four of the last six year classes have returned as 
3-yr-olds in greater numbers than they occurred as 2-yr-olds. If 
the 1987 year class is such a case, its strength may be greater than 
it currently appears. Second, a change in personnel aging herring 
otoliths may have led to a higher proportion of herring in the 165 
to 170 mm size range being aged as 3-yr-olds. A rereading of 
selected otoliths is being conducted to address this issue. 
The 1988 year class appears to be slightly stronger than the 
1987 year class, based on their abundance in young-of-the-year 
samples. However, the predictive value of this measure of year 
class strength has yet to be validated. 
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Appendix A. Summary of Herring Samples from San ~ r a n c i s c o  Bay, 
November 1988 t o  March 1989. 
- - - - - - - - - - - 
Sample 
number Date 
Nov 10 
18 
21 
28 
D e c  1 
1 
2 
5 
6 
8 
12 
14 
16 
16 
2 0  
23 
27 
29 
Jan 1 
1 
1 
3 
3 
3 
4 
6 
9 
9 
12 
13 
16 
16 
16 
16 
18 
19 
23 
23 
23 
24 
24 
24 
26 
26 
27 
27 
27 
29 
- -  - - -  
Location* Gear** 
~ 
- --- 
Number Numberaged Assigned 
measured random select school # 
Appendix A. Summary of Herring Samples - Cont8d 
Sample 
number Date Location* Gear** 
................................. 
675 Jan 31 AL MT 
676 Feb 2 HP RH 
677 2 HP RH 
678 2 HP RH 
679 2 SB MT 
680 3 SB MT 
681 7 TI RH 
682 7 BB RH 
683 7 TI RH 
684 9 HP RH 
685 9 HP RH 
686 10 AL RH 
687 10 AL RH 
688 10 HR MT 
689 13 SB MT 
690 14 SB RH 
691 14 SB RH 
692 15 SB GN4 
693 15 SB GN5 
694 15 SB RH 
695 17 SB MT 
696 20 SB MT 
697 22 SB MT 
698 24 SB MT 
699 27 AL RH 
700 Mar 7 SB MT 
701 7 SB MT 
Number Number aged Assigned 
measured random select school # 
,----------------------------------- 
133 92 9 
126 1 9 
142 6 9 
144 2 9 
114 4 9 
243 11 9 
132 3 9 
119 3 9 
180 6 9 
149 , 2  9 
128 3 9 
141 6 9 
160 11 9 
142 77 9 
72 7 9 
123 4 9 
115 2 9 
269 14 9 
141 5 9 
189 3 9 
162 4 9 
160 11 9 
71 3 9 
48 3 9 
126 82 10 
172 5 10 
388 108 10 
* AI=Angel Island AL=Alcatraz BB=Oakland-Bay Bridge 
BE=Belvedere HP=Hunter Point HR=Harding Rock 
PP=Peninsula Point SA=Sausalito SB=South Bay 
TB=Tiburon TI=Treasure Island (between BB and HP) 
YB=Yerba Buena Island 
** GN=variable-mesh gill net, MT=midwater trawl, RH=roundhaul net 
Appendix B. Number of Pacific Herring by Body Length (2 mm Interval) 
from Variable-mesh Gill Net Samples Collected in San 
Francisco Bay, December 1988 to March 1989. 
--------------.--.----..--.--.----------.-..--.---------------------- 
Size Sample # 
interval 631 632 638 647 650 671 672 692 693 
-------------.-----.------------------------..----------------------- 
130-139 1 
140-141 
142 
144 
146 
148 
150 
152 
154 
156 
158 
160 
162 
164 
166 
168 
170 
172 
174 
176 
178 
180 
182 
184 
186 
188 
190 
192 
194 
196 
198 
200 
202 
204 
206 
208 
210 
212 
214 
216 
218 
220 
222 
224 
226 
228 
230 
232 
n 
Mean 
Appendix C. Number of Pacific Herring by Body Length (2 mm Interval 
from Midwater Trawl Samples Collected in San Francisco 
Bay, November 1988 to March 1989. 
n 
Mean 
- - - - - - - - - - - - - 
Size Sample # 
interval 627 628 629 630 633 634 635 636 637 639 
...................................................................... 
130-139 
140-141 1 
142 1 1 
144 1 1 
146 1 
148 1 
150 2 1 
152 1 8 3 
154 4 1 2 6 9 
156 2 4 1 % 7  11 6 
158 2 4 5 13 18 
160 1 3 7 4 6 20 13 
162 2 3 7 3 1 13 22 
164 5 9 2 1 20 15 
166 1 3 13 2 7 30 13 
168 2 5 10 1 2 15 11 
170 1 1 12 3 4 22 12 
172 5 5 19 2 3 21 12 
174 2 10 16 2 3 16 16 
176 5 7 10 1 19 12 
178 2 7 14 1 2 20 24 
180 5 8 18 2 2 20 18 
182 2 8 17 3 3 19 25 
184 2 1 13 3 2 20 23 
186 6 6 14 4 4 13 20 
188 4 11 7 3 19 7 
190 2 5 8 1 2 20 13 
192 5 3 7 2 1 16 9 
194 2 4 5 1 3 1 1. 8 
196 2 3 6 3 17 8 
198 2 2 3 3 1 19 10 
200 4 4 3 2 1 10 8 
202 1 3 2 2 8 8 
204 2 1 3 1 14 7 
206 2 2 1 7 5 
208 1 9 2 
210 2 3 1 3 3 
212 1 1 1 6 2 
214 1 3 3 
216 2 
218 1 1 
220 3 
222 1 
Appendix C. Midwater Trawl Samples - Cont'd 
.---..------.-.--------.--------..------------..-.-.-.-..--------..--- 
Size Sample # 
interval 640 641 642 643 644 645 646 652 653 655 
--------------------------------P----------.-..-.--.-...-------- 
130-139 2 2 1 2 3 
140-141 2 
142 1 3 3 1 
144 2 1 
146 1 2 5 2 3 3 4 
148 4 2 7 1 4 7 
150 2 3 1 9 2 5 10 5 
152 4 2 4 25 3 5 5 11 5 
154 2 6 4 25 1 9 7 17 8 
156 4 8 4 20 1 3 10 17 14 
158 5 11 10 31 3 11 12 13 10 
160 9 9 4 33 3 13 18 16 8 
162 4 8 10 39 3 18 27 20 14 
164 12 12 17 36 8 7 23 26 11 
166 3 14 10 31 1 9 21 12 13 
168 10 11 10 30 9 15 15 7 
17 0 6 11 17 26 6 20 12 8 13 
172 7 7 12 15 6 9 11 10 10 
174 10 6 16 31 4 7 10 6 5 
176 2 10 11 13 1 9 15 5 9 
178 3 13 12 14 3 11 13 8 9 
180 9 9 14 16 3 5 9 2 11 
182 5 7 16 11 2 10 7 2 6 
184 15 7 17 21 4 11 3 5 3 
186 4 4 15 14 3 5 7 5 9 
188 12 2 13 14 1 7 9 5 9 
190 17 3 15 25 3 5 7 1 8 
192 11 4 14 18 6 5 9 2 4 
194 10 7 15 9 2 9 9 5 6 
196 8 5 241) 8 31 SO 5 6 4 
198 12 4 20 4 4 13 6 2 5 
200 8 3 16 21 3 7 2 6 4 
202 10 3 8 10 1 8 6 3 8 
204 13 1 16 5 7 11 6 3 2 
206 7 4 11 9 4 2 4 2 4 
208 6 1 9 8 7 6 2 2 1 
210 3 1 7 6 5 5 1 
212 1 4 13 1 2 5 2 1 
214 1 5 4 1 1 1 
216 1 5 1 2 2 2 
218 2 1 2 2 2 1 
220 1 2 1 1 2 1 
1 222 1 3 
224 1 2 1 
226 1 1 
228 1 2 1 
232 1 
n 242 210 405 607 438 106 266 309 258 245 
Mean 185.8 174.8 186.4 173.7 178.6 185.3 181.2 175.0 168.1 173.9 
Appendix C. Midwater Trawl Samples - Contfd 
....................................................................... 
Size Sample # 
interval 659 660 661 662 663 664 665 673 675 679 
130-139 
140-141 
14 2 
144 
14 6 
148 
150 
152 
154 
156 
158 
160 
162 
164 
166 
168 
170 
172 
174 
176 
17 8 
180 
182 
184 
186 
188 
190 
192 
194 
196 
198 
200 
202 
204 
206 
208 
210 
212 
214 
216 
218 
220 
222 
224 
226 
228 
234 
n 
Mean 
Appendix C. Xidwater Trawl Samples - Cont'd 
n 
Mean 
-------------------------------------------------------.-----------.--- 
S i z e  Sample # 
interval 680 688 689 695 696 697 698 700 701 
---.--.------.--------------------------------------..----------------. 
130-139 2 1 2 8 2 2 3 8 
140-141 3 1 1 .1 
142 1 1 
144 3 1 3 
146 1 2 2 1 3 1 
148 3 1 1 1 1 1 
150 3 3 1 2 5 
152 7 5 4 4 2 1 6 
154 9 5 8 2 4 12 
156 7 3 9 1 1 2 6 
158 11 10 6 1 4 8 
160 8 12 3 3 3 11 
162 21 9 9 7 1 4 16 
164 13 15 8 6 2 6 19 
166 13 7 9 5 2 4 17 
168 6 6 7 2 4 8 5 
170 19 12 11 6 3 8 19 
172 14 8 9 5 1 12 20 
174 9 9 9 3 16 23 
17 6 8 4 7 6 2 16 20 
178 8 7 12 1 5 10 11 
180 19 11 1 2 11 16 
182 10 8 7 3 4 6 24 
184 13 2 5 2 2 9 26 
186 8 4 4 1 2 11 21 
188 3 5 2 3 9 21 
190 5 3 4 1 2 2 21 
192 3 3 2 1 4 11 
194 4 2 2 1 2 10 
196 2 1 1 7 
198 2 2 1 4 2 
200 1 3 1 2 2 
202 2 1 1 3 
204 2 1 1 1 4 
206 2 2 2 5 
208 1 1 
210 1 1 
212 1 
214 1 
216 
218 
220 
222 
Appendix D. Number of Pacific Herring by Body Length (2 mm Interval) 
from Roundhaul Net Samples Collected in San Francisco Bay, 
January 1989 to March 1989. 
....................................................................... 
Size Sample # 
interval 648 649 651 654 656 657 658 666 667 
....................................................................... 
130-139 1 1 
140-141 1 
142 1 1 1 1 1 1 1 
14 4 2 2 2 2 1 2 
146 2 3 1 1 1 1 
148 3 5 1 2 1 1 1 1 
150 3 4 5 2 2 3 3 2 5 
152 6 3 2 6 5 5 2 2 
154 4 4 5 2 8 5 6 3 2 
156 3 10 11 8 6 9 ' 3  5 4 
158 4 13 4 18 7 5 5 4 8 
'4 160 4 14 6 11 9 11 8 11 10 
162 3 14 5 11 9 9 9 9 8 
164 3 13 8 13 3 14 12 5 12 
166 4 8 2 11 9 8 8 4 1 
168 7 9 2 6 7 7 2 3 6 
170 7 5 2 9 7 7 7 7 8 
172 2 5 4 7 7 10 7 5 3 
174 1 4 3 1 1 6 1 9 6 
176 3 1 1 3 5 6 3 5 
178 1 2 2 4 3 2 4 5 
180 4 3 3 1 3 7 3 6 
182 2 3 3 1 4 3 2 6 5 
184 1 2 1 1 2 6 3 3 5 
186 5 3 2 3 4 3 4 
188 3 4 1 1 4 3 2 3 1 
190 4 5 2 5 2 5 1 3 4 
192 2 6 4 1 7 2 2 2 
194 2 4 3 4 2 2 2 4 
196 3 2 3 3 2 1 1 
198 1 3 2 3 2 2 2 
200 2 1 3 5 3 2 
202 1 1 3 1 2 2 
204 2 2 2 3 1 1 1 
206 2 2 1 1 1 
208 '2 2 1 1 1 1 
210 1 
212 1 
214 1 2 1 
216 1 
218 1 
220 
222 
230 
n 
Mean 
Appendix D. Roundhaul Net Samples - ContOd 
------.-----------.-.-----------.--.--.I--..o---...-----------------.-- 
Size Sample # 
interval 668 669 670 674 676 677 678 681 682 
----.---.--.--------------.---..----.-.-----.--.---..------------------ 
130-139 1 2 3 1 
140-141 1 2 1 
14 2 1 1 1 2 
144 1 5 1 1 
146 1 1 2 4 2 1 
148 2 5 4 2 1 2 
150 4 1 1 6 7 1 3 3 
152 4 3 4 5 2 5 3 3 
154 4 3 3 5 8 7 9 5 3 
156 2 2 3 9 13 12 6 11 8 
158 7 5 3 8 7 8 3 5 4 
160 12 3 9 14 7 8 9 6 
162 6 3 5 15 9 12 13 8 10 
164 9 6 4 12 10 6 10 7 12 
166 10 3 5 7 5 8 14 3 2 
168 4 4 5 8 2 2 2 6 4 
170 7 9 5 10 5 5 9 10 2 
172 7 6 6 9 7 2 11 6 7 
174 8 5 8 11 2 7 11 7 8 
176 4 3 3 12 3 7 11 3 6 
178 8 1 1 10 2 4 5 9 8 
180 5 1 2 6 2 6 4 9 2 
182 13 4 4 3 4 5 4 6 4 
184 3 4 6 12 5 2 1 5 5 
186 4 1 3 4 1 2 1 5 4 
188 7 1 7 1 2 5 3 3 
190 3 3 1 6 4 1 4 
192 2 1 2 1 3 1 
194 3 3 2 2 2 2 2 
196 4 1 4 1 
198 1 1 2 1 
200 3 2 2 1 2 
202 1 1 2 1 1 
204 
206 1 1 1 
208 1 1 
210 
212 1 1 
214 1 
216 2 1 1 1 
n 150 79 79 180 126 142 144 132 119 
Mean 172.8 174.5 172.8 172.5 163.8 166.6 166.7 170.7 170.3 
Appendix D. Roundhaul Net Samples - Cont'd 
....................................................................... 
Size Sample # 
interval 683 684 685 686 687 690 691 694 699 
----------------------------------.-.-.--------------------b----------- 
130-139 1 2 3 3 3 
140-141 1 1 3 2 
142 1 
144 2 3 2 
146 1 1 2 
14 8 2 1 4 2 2 3 1 
150 1 3 4 2 4 3 2 
152 2 5 2 5 4 1 
154 4 7 3 6 9 6 1 
156 5 8 5 3 7 4 5 
158 6 6 1 2 '4 8 1 
4 160 8 7 8 5 4 15 5 
162 8 9 11 1 9 6 10 
164 8 8 7 6 7 10 11 
166 18 9 12 8 12 9 12 
168 4 11 12 5 3 9 6 
170 10 10 8 7 5 20 7 
172 10 9 10 8 2 16 10 
17 4 15 6 4 8 6 4 5 
176 6 6 5 9 7 12 11 
178 6 4 2 5 5 7 4 
180 11 3 2 4 5 8 4 
182 11 5 7 13 4 11 1 
184 11 7 4 4 4 5 6 
186 6 7 3 5 1 5 4 
188 5 1 5 3 2 4 1 
190 3 2 1 3 1 4 3 
192 3 4 1 1 1 3 
194 2 3 1 1 6 1 
196 3 2 2 2 1 4 1 
198 1 1 1 1 1 
200 2 1 1 1 
202 1 1 2 1 
2 04 2 
206 1 
208 
210 * 1 
212 1 
2 14 
216 1 
226 1 
n 
Mean 
Appendix D o  Number of Pacific Herring by Body Length (2 mm Internal) 
from Roundhaul Net Samples Collected in San Francisco Bay, 
January 1989 to March 1989. 
---------------------------------.----.--.----------------------------- 
Size Sample X 
interval 648 649 651 654 656 657 658 666 667 
-------------.--------------------------------------------------------- 
130-139 1 1 
140-141 1 
142 1 1 
14 4 2 
146 2 3 
148 3 5 
150 3 4 
152 6 3 
154 4 4 
156 3 10 
158 4 13 
160 4 14 
162 3 14 
164 3 13 
166 4 8 
168 7 9 
170 7 5 
172 2 5 
174 1 4 
176 3 
178 1 2 
180 4 3 
182 2 3 
184 1 2 
186 5 
188 3 4 
190 4 5 
192 2 6 
194 2 
196 3 2 
198 1 3 
200 2 1 
202 1 1 
204 2 2 
206 2 
208 2 2 
210 
212 
2 14 1 
216 1 
2 18 1 
220 
222 
230 
~ppendix D. Roundhaul Net Samples - Cont8d 
n 
Mean 
....................................................................... 
Size Sample # 
interval 668 669 670 674 676 677 678 681 682 
....................................................................... 
130-139 1 2 3 1 
140-141 1 2 1 
142 1 1 2 
144 1 5 1 1 
146 1 2 4 2 1 
148 5 4 2 1 2 
150 6 7 1 3 3 
152 5 2 5 3 3 
154 8 7 9 5 3 
156 13 12 6 11 8 
158 7 8 '3 5 4 
160 14 7 8 9 6 
162 9 12 13 8 10 
164 10 6 10 7 12 
166 5 8 14 3 2 
168 2 2 2 6 4 
170 5 5 9 10 2 
172 7 2 11 6 7 
174 2 7 11 7 8 
176 3 7 11 3 6 
178 2 4 5 9 8 
180 2 6 4 9 2 
182 4 5 4 6 4 
184 5 2 1 5 5 
186 1 2 1 5 4 
188 1 2 5 3 3 
190 4 1 4 
192 1 3 1 
194 2 2 2 
196 1 
198 2 1 
200 1 2 
202 1 
204 
206 1 1 
208 1 
210 
2 12 1 1 
2 14 1 
216 2 1 1 1 
Appendix D. Roundhaul Net Samples - Cont'd 
-------------------------------------------..------------------ 
S i z e  Sample # 
interval 683 684 685 686 687 690 691 694 699 
-------.------.---------*---------------------------------------------- 
130-139 1 2 3 3 3 
140-141 1 1 3 2 
142 1 
144 2 2 1 3 2 
146 1 1 4 2 
148 2 1 4 3 4 2 2 3 1 
150 1 3 4 4 3 2 4 3 2 
152 2 5 8 4 2 5 4 1 
154 4 7 3 7 3 6 9 6 1 
156 5 8 5 12 9 3 7 4 5 
158 6 6 1 10 6 2 4 8 1 
160 8 7 8 12 9 5 4 15 5 
162 8 9 11 4 11 1 9 6 10 
164 8 8 7 7 8 6 7 10 11 
166 18 9 12 11 8 8 12 9 112 
168 4 11 12 3 5 5 3 9 6 
170 10 10 8 10 8 7 5 20 7 
172 10 9 10 5 13 8 2 16 10 
174 15 6 4 9 10 8 6 4 5 
176 6 6 5 4 8 9 7 12 11 
17 8 6 4 2 4 5 5 5 7 4 
180 11 3 2 8 2 4 5 8 4 
182 11 5 7 1 7 13 4 11 1 
184 11 7 4 2 6 4 4 5 6 
186 6 7 3 4 6 5 1 5 4 
188 5 1 5 1 4 3 2 4 1 
190 3 2 1 2 5 3 1 4 3 
192 3 4 1 5 1 1 3 
194 2 3 1 3 1 6 1 
19 6 3 2 2 1 3 2 1 4 1 
198 1 1 1 1 1 1 1 
200 2 1 1 1 1 
202 1 1 2 1 
204 2 1 
206 1 
208 
210 1 
212 1 
2 14 
216 1 
226 1 
I n 
I Mean 
Appendix E. Estimated Weight (g) at Length (mm) for Ripe Pacific 
Herring from San Francisco Bay collected During the 
1988-89 Season. 
....................................................................... 
Body Weight Weight 
length male female both length male female both 
